Abstract : Development of the tooth is a complex and fascinating set of processes which require a sequential integration of numerous biological steps. For dental doctors, interest is particularly high, because the tooth is mainly composed of surface ectodermal epithelium and neural crest derived neuroectodermal mesenchyma, and formed by epithelial-mesenchymal interactions. There are many different types of odontogenic neoplasms. In general, proliferation, development and cytological differentiation of the neoplastic cells reflect the normal physiological development of the outbreak mother cells and/or tissues. There would appear to be a relationship between the cytological differentiation of odontogenic neoplastic cells and the physiological development and differentiation of tooth germ. We describe some morphogenesis regulation factors, such as Notch signaling, in the odontogenic neoplastic cells, in both well-differentiated and poorly-differentiated neoplasms. Our results suggest that these factors play some role in cytological differentiation or acquisition of tissue-specific characteristics in neoplastic cells.
Introduction
A neoplasm is an abnormal growth mass of cells and/or tissue of which exceeds and is uncoordinated with the physiological cells and/or tissues. Thus, neoplasms are said to be transformed because they continue to replicate, apparently oblivious to the regulatory influences that control physiological original cell and/ or tissue growth. The words "differentiation and anaplasia" are applied to the originating parenchymal cells that constitute the transformed neoplastic components of neoplasms. The word "differentiation" of parenchymal cells refers to the extent to which they resemble their physiological features, both morphological and functional in findings.
Biology of neoplasms
In benign neoplasms, the parenchymal cell components consist of well-differentiated cells that quietly resemble their originating mother cell and/or tissue. In benign neoplasms, mitoses are extremely rare in number and are of normal physiological features.
In malignant neoplasms, they are characterized by a wide variety of parenchymal cell differentiation, from completely well-to undifferentiated. Malignant neoplasms are composed of poorly-to un-differentiated cells when said to be anaplastic. Anaplasia, a lack of differentiation, is thought to be a standard of malignancy.
Anaplasia means literally to "form backward". In fact, it is well accepted that a malignant neoplasm originates from stem cells in tissues. Therefore, a failure of differentiation, rather than dedifferentiation of physiologically specialized cells, accounts for un-differentiated neoplasms. In general, the more malignant and the more un-differentiated (anaplastic) a neoplasm, the less likely it is to have specialized functional activity. The cells in benign neoplasms are almost always well-differentiated and resemble the physiological normal cells of the originating mother cells and tissue. The cells in malignant neoplasms are more or less differentiated, but some loss of differentiation is always present.
The differentiation in these neoplastic lesions is controlled by, in part, the normal physiological regulation system. The regulation organization functions on a neoplasm, and the specialized growth of neoplasms is also regulated. Therefore, it is important to examine the normal physiological cell differentiation mechanisms for understanding the regulation system of neoplastic conditions.
Developmental biology of tooth
Teeth develop physiologically, as deciduous teeth and permanent teeth, from oral ectodermal epithelium and neural crest derived neuroectodermal mesenchymal cells 23) . The enamel is derived from ectoderm of the oral cavity, and all other tissues differentiate from the mesenchyme derived from mesoderm; neural crest cells are imprinted with morphogenetic information before or shortly after they migrate from the neural crest. Tooth development is initiated by the inductive influence of the neural crest mesenchyme on the covering ectoderm. Tooth development is a continuous step. However, it is usually divided into a bud stage, cap stage, and bell stage.
Odontogenesis, or tooth development, is a complex and highlyregulated process characterized by sequential epithelialmesenchymal interactions leading to tooth initiation, morphogenesis and cell-differentiation with eventual formation of enamel, dentin and cementum matrices 18, 20) . Osteogenesis or bone formation is also a tightly-coordinated process involving many different tissues that interact with each other via a matrixmediated inductive mechanism, and ending in the formation of a specialized tissue, bone. Both of these processes, though distinct, are closely related in that they share common signaling pathways in terms of morphological differentiation of their cells and functional differentiation of their matrix proteins. The ameloblasts and odontoblasts, which are exclusive enamel matrix-producing and dentin matrix-producing cells, respectively, share several molecular characteristics with the osteoblast, which is the bone matrix-forming cell. Runx2, a transcription factor, is essential for osteoblast differentiation ( Figure 1 ). In the course of odontogensis, the Runx2-knockout mice experiments results suggest the following: Runx2 is associated with morphogenesis of teeth and matrix protein gene expression 33) . Next, compared to the incisor tooth germ, the molar tooth germ is more strongly subjected to control by Runx2, suggesting the presence of factors involved in odontogenesis of the incisor tooth germ which are different from those present in osteoblasts. Furthermore, in Runx2-knockout mice differences in expression of osteopontin and osteocarcin, matrix proteins common for teeth and bone, suggest different mechanisms of cellular differentiation or transcription regulation pathways in incisor odontoblast and bone forming cells, or osteoblasts 34) .
The tooth germ basal membrane interposed between the odontogenic epithelium and mesenchyme mediates the sequential and reciprocal epithelial-mesenchymal interactions essential for morphogenesis and cell-differentiation for tooth formation ( Figure   2 ). It composes some isoforms of type IV collagen, laminin, nidogen/entacin, heparan sulfate, proteoglycan, fibronectin, and other component molecules 30, 37, 61) . The molecules of type IV collagen, a major framework-forming peptide of basal membrane, are heterotrimers composed of three α chains that exist in six genetically-distinct forms (α1 to α6) and with at least three molecular forms 41, 46, 47) . The expression patterns of type IV collagen molecular forms in tooth germ organogenesis and the marked stage-specific changes in the type IV collagen distribution during the odontogenesis are limited 21) . According to the examination results using mouse developing molar tooth germ at the dental placode and bud stage in the course of odontogenesis, the basal membrane of the oral cavity epithelium expresses α1, α2, α5 and α6 chains while the gubernaculums dentis, in addition to the above 4 chains, also expresses α4 chain. An asymmetrical distribution of α4, α5 and α6 chains has been observed at the bud stage in the odontogenesis. At the early bell stage, the basal membrane associated with the inner enamel epithelium of molar germ expresses α1, α2 and α4 chains while the basal membrane of the outer enamel epithelium only expresses α1 and α2 chains. With the onset of dentin formation, the collagen α chain profile of the basal membrane of inner enamel epithelium gradually disappeared.
From the bell stage, however, the gubernaculums dentis consistently expressed α1, α2, α5 and α6 chains, and this distribution pattern resembles the one of the fetal oral cavity epithelium. These features suggest that the odontogenic stageand the position-specific type IV collagen α subunit distribution is according to the tooth germ odontogenesis, and its changes are essential for the morphogenesis and cell-differentiation for tooth development 7, 30, 58) .
Tenascin is an extra-cellular matrix glycoprotein which appears to regulate cell morphology 31) . It is more restricted to tissue distribution than fibronectin and is able to interface with the cell- , and α4(c) chains. oee: outer enamel epithelium, dp: dental pulp, oe: oral epithelium, dl: dental lamina, *: vascular basal membrane [quoted from Nagai N, et al. 31) ]
and osteogenic tissue of alveolar bone. However, tenascin is immunohistochemically negative in the dental follicle, the fibroblastic layer developing into the periodontium 31) . Intense fibronectin is evident in the alveolar bone. The epithelial components of the tooth germ are imunohistochemically negative for both tenascin and fibronectin.
Notch signaling in cell differentiation and development
In general, Notch signaling plays an important role in the regulation of cell fate, morphogenesis and/or development 4, 15) .
Regarding tooth development, there are some published data on how the expression of Notch1, 2, and 3 is regulated by epithelialmesenchymal interactions in the developing mouse tooth and associated with determination of ameloblast cell fate. Jagged1 is also expressed as a ligand of Notch in the developing tooth 28) .
Notch signaling is an evolutionarily-conserved cell-to-cell transmembrane interaction mechanism. Furthermore, asymmetric distribution of Notch has been observed in immature cells prior to cell division, suggesting a role in the regulation of daughter cell fate, including whether the cells remain stem cells or give rise to differentiated progeny 36) . Regarding odontogenesis, Notch1
is expressed in stellate reticulum cells, and Jagged1 is expressed in differentiated ameloblasts in the course of tooth development.
During tooth development, Notch expression has been associated with the differentiation of odontogenic epithelial and mesenchymal tissues. However, Notch expression is absent in epithelial cells in close contact with mesenchyme, a feature which may be important for ameloblast cell fate. These data suggest that mesenchymal tissue negatively regulates Notch expression in epithelium. In other words, Notch expression is downregulated in odontogenic epithelium juxtaposed to mesenchyme, indicating that odontogenic epithelium needs a mesenchyme-derived signal to maintain the down regulation of Notch 28) .
Cell differentiation in pathological conditions
In the oral and craniofacial region, there are many types of neoplasms and pathological conditions, such as odontogenic neoplasms, bone and cartilage neoplasms, pathological bone and cartilage formation and/or proliferation. Odonotogenic neoplasms consist of a plural number of blastoderms. The neoplastic cell differentiation process is complicated, and it is thought that the cell differentiation and growth pattern are copied from a physiological system of the odontogenesis.
Odontogenic neoplasms
Ameloblastoma is classified as a benign, locally-infiltrative odontogenic neoplasm, which is composed of proliferating odontogenic epithelial nests within a fibrous stromal tissue. Some variants have been sub-classified as follows: solid/multicystic, extraosseous/peripheral, desmoplastic, and unicystic 10, 22, 24) .
Furthermore, other variants have been reported in the literature, and these include acanthomatous, ghost cell, and vacuolated or clear cell types 40, 44, [49] [50] [51] 59) . Odontogenesis is a complex biological process, and this process is directly reflected in the development of odontogenic neoplasms 14, 19) , especially ameloblastomas 16, 17) . It is thought that the above-mentioned variants are due to the developmental complex system 45) .
Notch signaling in ameloblastomas and ameloblastic carcinomas
Regarding Notch signaling, the focus of our attention is on 
Cell differentiation in odontogenic neoplasms
Amelogenin is a typical enamel matrix protein. Regarding the collagen subunits of basal membrane components of oral neoplasms, there are some published data 1, 11, 53, 54, 55) .
Regarding ameloblastomas, co-expression of type IV collagen α1
and α2 chains appears as thin lines with limited areas of discontinuity along the basal membrane of neoplastic cell nests 35, 36) . The expression staining is strong and in a linear continuous manner, in the periphery of the nests of the desmoplastic types. In the neoplasms, α5 and α6 chains are colocalized as continuous linear patterns demonstrating the tumoral nests from the surrounding connective tissue stroma. These collagen subunits also appear as random intracellular staining of the neoplastic cell nests 8, 9) . There is no remarkable differentiation Heparan sulphate (HS) and heparanase appearing in the odontogenic neoplasms are interesting molecules for these neoplastic transdifferentiations 12, 13, 43) . HS proteoglycans (HSPG) In odontogenic neoplasms, both benign and malignant, the immunohistochemical distribution of tenascin and fibronectin is compared with that in human tooth germs 56, 57) . In ameloblastomas, 
